Improving our understanding of resources required by threatened small mammals is directly relevant to the success of habitat restoration and species reintroduction programs. In a case study based on southern brown bandicoots (Isoodon obesulus obesulus; Mammalia: Peramelidae) occupying a remnant of open forest with a sclerophyllous shrub understory, we investigated microhabitat composition using multivariate analysis, and disproportional use of these habitats using a variety of techniques, including principal canonical correlation vectors, chi-square test, compositional analysis (CA), and nonparametric multiplicative regression. Spool-andline tracking of bandicoots enabled floristic and structural parameters to be recorded from sites of activity and compared with sites randomly located within 5-ha grids centered over each trapping transect. Each of the 4 methods applied contributed useful interrogation of the potential resources required by I. o. obesulus, with most disproportional use of microhabitats across activities detected using CA. Analyses supported fine-scale preference for Xanthorrhoea semiplana-dominated microhabitat across all activities, nesting in Banksia ornatadominated microhabitat, moving and foraging in Allocasuarina muelleriana subsp. muelleriana microhabitat, impartial use of and increased reliance on burrows for shelter in Eucalyptus cosmophylla open forest with Melaleuca decussata understory microhabitats, and avoidance of Cyperaceae-dominated microhabitat and mixed heath. These results show that within broadly suitable vegetation communities, I. o. obesulus differentially utilizes a mosaic of microhabitats for a range of activities associated with shelter and foraging. Hence, the success of reintroduction and habitat restoration programs may be improved by considering the availability of preferred microhabitats (or alternative structures in suboptimal habitats, e.g., burrows), and protecting or revegetating indicator and associated species of known preferred microhabitats, respectively.
In landscapes experiencing dramatic rates of habitat loss, fragmentation, and degradation, native small mammals have become increasingly restricted to remnant native and modified habitats. To secure the continued persistence of many of our threatened mammal species, it is critical that we protect and manage good-quality habitat (Cook et al. 2009 ). In order to achieve this, an understanding of a species' broadscale and fine-scale habitat requirements is needed (Bennett 1993; McIntyre 1997; Pedlar et al. 1997; Gonnet and Ojeda 1998) , in particular those required for core activities associated with shelter, food acquisition, and reproduction. The availability of these core, broadscale and fine-scale habitats may drive the success of revegetation and rehabilitation, reintroduction, and integrated management programs.
It is not uncommon for the specific habitats required for survival of high-priority and high-profile threatened species at the focus of conservation efforts to be unknown. One Australian mammal species for which there is broadscale but not necessarily fine-scale knowledge of habitat use and preference is the nationally threatened southern brown bandicoot (Isoodon obesulus obesulus; Mammalia: Peramelidae-Environment Protection and Biodiversity Conservation Act 1999). It occupies a range of coastal, heath, woodland, and w w w . m a m m a l o g y . o r g forested environments (Heinsohn 1966; Kemper 1990; Menkhorst and Seebeck 1990) , preferentially using dense and vertically diverse understory vegetation (Heinsohn 1966; Stoddart and Braithwaite 1979; Moloney 1982; Moro 1991; Paull 1992; Claridge and Barry 2000) , from where it extends foraging activity into more open areas (Lobert 1985; Paull 1992) . However, deliberate, preferential selection of habitat by I. o. obesulus has not been consistently supported across investigations. This may indicate investigations were too restricted in their sampling of vegetation communities, at coarse or finer scales (e.g., Copley et al. 1990; Moro 1991) . Alternatively, many investigations relate trap success to habitat type to infer preferential use of habitat, which may poorly represent activity-specific associations. Few investigations recognize relationships between habitat use and foraging and nesting activities (e.g., Paull 1992; Claridge and Barry 2000) , and none recognize the complete range of activities performed by I. o. obesulus for its survival and reproduction.
A variety of methods have been developed to evaluate resource selection and preferential habitat use (e.g., Manly et al. 2002; Alldredge and Griswold 2006; Fiedberg et al. 2010) . Two commonly used analyses include logistic regression and compositional analysis (CA- Dasgupta and Alldredge 2002; Alldredge and Griswold 2006; Thomas and Taylor 2006) . Easy-to-use and easy-to-interpret CAs avoid problems associated with pooling across animals by using individuals as the sampling unit, such that animals are weighted equally, irrespective of the number of samples per animal (Aebischer et al. 1993; Dussault et al. 2005) . CA also implements a logratio transformation enabling habitats to be treated independently of one another, despite the unit-sum constraint that causes habitats to be dependent (i.e., avoidance of one type implicates a preference for another- Aebischer et al. 1993 ).
However, CAs are still criticized for the addition of an arbitrary constant to categories with zero use leading to increased type I error rates (Dasgupta and Alldredge 2002; Manly et al. 2002; Bingham et al. 2007 ). Logistic regression analyses, or resource selection functions, are becoming increasingly popular and extend to a range of statistical methods (e.g., McLoughlin et al. 2010) . A recent method includes nonparametric multiplicative regression (NPMR), which allows covariates to be identified while enabling interactions between variables to be considered (McCune 2006) . The variety of statistical methods now available provides an opportunity to explore which method may be most suitable for investigating resource selection across activity types.
Accordingly, in this investigation we targeted the small, ground-dwelling mammal I. o. obesulus and aimed to determine whether 1) fine-scale resource selection detected by disproportionate use of floristic and/or structural features of the vegetation was used relative to their availability across a range of activities, including movement, foraging, nesting, resting, and burrow use; and 2) whether the results varied between simpler principal canonical correlation and chi-square test techniques, and more complex CA and NPMR analysis techniques, and if so, which technique best aided in the identification of habitat preferences.
MATERIALS AND METHODS
Site.-This study was conducted between March and July 2000 in the 525-ha Cox Scrub Conservation Park, 8 km south of Ashbourne, South Australia ( Fig. 1; 35820 0 S, 138844 0 E), where the vegetation consists of open forest and sclerophyllous (hard-leaved) heathland, typical of the southern Adelaide Plains and southern Mount Lofty Ranges (Armstrong et al. 2003) . Much of the park was burnt during the Ash Wednesday fires of 1983, with the present flora either resprouted or colonized from surrounding vegetation remnants. The park is a mosaic of Eucalyptus baxteri or E. fasciculosa and E. cosmophylla open forest with an understory of Banksia ornata, Leptospermum myrsinoides, Hakea ulicina, H. rostrata, Xanthorrhoea semiplana, or a combination of these. There also are patches of Allocasuarina muelleriana subsp. muelleriana, Pultenaea tenuifolia, Platylobium obtusangulum, Calytrix tetragona, Hibbertia stricta, and various sedges (Cyperaceae-Davies 1982) .
Live animal trapping and tracking.-Livetrapping was conducted within 4 of the broadly defined vegetation associations in the park (SA National Parks and Wildlife Service 1987): E. baxteri-E. fasciculosa open forest with B. ornata; E. baxteri-E. fasciculosa open forest; E. cosmophylla low open forests; and B. ornata shrubland (Fig. 1) . Live mammal trapping and handling conformed to guidelines of the American Society of Mammalogists (Sikes et al. 2011 ) and were carried out under The University of Adelaide Animal Ethics approval W/08/00, and the South Australian Department of Environment, Water and Natural Resources permit Z243391. Within each association, three 200-m transects were established with 8 trap stations each spaced 25 m apart. Stations consisted of 1 cage trap (22 3 22 3 55 cm) and 1 or 2 aluminum box (Elliott Scientific Equipment, Upwey, Victoria, Australia) traps (type A: 33 3 10 3 9 cm; 15 boxes per transect). All traps were baited with a mixture of rolled oats, peanut butter, and honey. Cage traps were covered with burlap bags and placed under vegetation or in animal runways, or both. Traps were checked each morning and early evening and from captured I. o. obesulus the sex, body mass, head length, left pes length, and reproductive condition were recorded. At 1st capture a unique, subcutaneous passive integrated transponder tag was inserted under the skin on top of the rump in each animal (procedure adopted from S. Conaughty, pers. comm., Zoos SA, Adelaide, South Australia).
Used and available microhabitat sampling.-Sites of activity of I. o. obesulus were located and mapped using spool-and-line tracking (Miles et al. 1981; Carthew 1994) . Reverse-spun bobbins (265 m of 70-2 nylon quilting thread; Penguin Threads Pty. Ltd., Victoria, Autralia) were wrapped in electrical tape and glued to the lower rump of captured I. o. obesulus using Selleys Supa Glue (Selleys, Padstow, New South Wales, Australia). To reduce the chance of spools being shed as bandicoots moved through understory vegetation, spools were nestled within the fur, but without touching the skin. Spooled I. o. obesulus were released in the morning and evening to enhance sampling over a range of activity periods, and sampled at least 24 h after release. The first 10 m of spool line was discounted to allow bandicoots to resume normal activities and behavior (a conservative allowance because some spools were chewed off or signs of foraging were detected within this distance).
The sites of activity sampled indicated movement pathways, foraging, nesting, resting, and burrow use (Haby 2000) . Movement pathways were systematically sampled at 20-m intervals along the spool. Foraging sites were characterized by fresh, conical diggings located sufficiently close to spool lines to be considered likely dug by the spooled animal or opportunistically while sampling vegetation across the study site. Bandicoots create distinctive diggings during searches for subterranean tubers, invertebrates, and fungal fruiting bodies (Heinsohn 1966; Quin 1985; Alessio 2000) . The species also forages within leaf litter and the understory for invertebrates and seasonal fruits of species such as Acrotriche fasciculiflora, Astroloma conostephioides, and introduced Rubus ulmifolius and Chrysanthemoides monilifera (T. Herbert, pers. comm., Department of Environment, Water and Natural Resources, Adelaide, South Australia), leaving varying signs of disturbance. However, sampling relatively conspicuous bandicoot diggings has enabled successful investigation of bandicoot distributions elsewhere (e.g., Claridge and Barry 2000; Rees and Paull 2000; Haby 2003) . Foraging sites were supplemented with additional diggings of I. o. obesulus sampled while randomly surveying vegetation structure and floristics across the study site.
Bandicoot nests were often located beneath X. semiplana, B. ornata, leaf litter, or various heath species (similar to Lobert [1985] and Paull [1992] ). Nests comprised a mound of leaf litter covered with layer of soil or live leaves when constructed close to the base of a X. semiplana. The sleeping chamber was often lined with Eucalyptus leaves. Although newly created nests were conspicuous, the majority were well camouflaged by fallen leaf litter. The nests that were located had either been entered and the spool groomed off, or entered and exited through the same or a 2nd point of entry. The 8 nests identified during spooling ranged between 45 and 63 cm (52.9 6 2.3 cm, X 6 SE) long and 35 and 55 cm (44.0 6 2.6 cm) wide. Additional nests located opportunistically while sampling vegetation across the study site also were recorded.
Burrows used by spool-and-tracked I. o. obesulus were of 2 types: disused rabbit (Oryctolagus cuniculus) warrens and those that may have been constructed by bandicoots. Disused rabbit warrens had no fresh signs of rabbit activity and had vegetation growing in and around burrow entrances. The parameters of these latter burrow entrances were similar to those described by Kirsch (1968) for captive bandicoots. Although the burrow-constructing heath goanna (Varanus rosenbergi) also inhabits the region (Armstrong et al. 2003) , the shady locations and more rounded appearance of the burrow entrances makes it unlikely that the burrows were constructed by this species (M. Hutchinson, pers. comm., South Australian Museum, Adelaide, South Australia). Other resting sites were defined as places where the bandicoot had paused and groomed, leaving a pile of unwound spool line.
At each point of activity, vegetation structure and floristic (taxonomic) composition were recorded within 1-m 2 quadrats and 10 height intervals (0-10 cm, 11-20 cm, 21-40 cm, 41-60 cm, 61-80 cm, 81-100 cm, 101-125 cm, 126-150 cm, 151-200 cm, and . 200 cm). All live plant species and ''leaf litter'' (representing fallen leaves, stems, and branches) were recorded using simplified Braun-Blanquet cover categories: 5%, 5-25%, 25-50%, 50-75%, and 75-100% (Mueller-Dombois and Ellenberg 1974).
Available habitat was sampled from a 5-ha grid comprising 10 3 10-m cells centered on each of the 4 trapping transects (dimensions: 200 3 250 m or 220 3 230 m in B. ornata shrubland). From each grid, 50 cells were randomly selected, then while facing away from the selected cells a marker was thrown over the shoulder of the surveyor and into the cell to determine the actual sampling point. At each point a 1-m 2 quadrat was sampled using the same method as above.
Data analyses.-Microhabitats were defined by shared floristic and structural similarity, the Sørenson distance coefficient, flexible beta clustering with a value of À0.25 to help minimize distortions in the underlying space (Sneath and Sokal 1973) , and nonmetric multidimensional scaling with Varimax rotation of the final coordinates, using the multivariate analysis package PC-ORD 5.0 (McCune and Mefford 2005) . Following this, an indicator species analysis was used to identify variables contributing significantly (P 0.05) to the formation of each microhabitat (Dufrêne and Legendre 1997) .
Once the microhabitats were defined, they were compared for differences in plant species richness, ranked cover of living and dead plant matter (litter) within each vegetation type by 1-way analysis of variance (ANOVA), and cover 3 site height class differences by 2-way ANOVA with Tukey's honestly significant difference post hoc comparison using GraphPad Prism 5.0 (GraphPad Software 2010).
Several methods were used to determine disproportional use of available microhabitats. The 1st of these involved visualizing activity scores for significantly correlated relationships between the nonmetric multidimensional scaling coordinates for the 421 quadrats (200 available or random and 221 from sites of activity) on an ordination biplot produced using the principal canonical correlation) option in PC-ORD. Chisquare analysis also was applied to the total number of sites for each activity type and microhabitat relative to its availability within the surveyed area. The null hypothesis that microhabitats were used in proportion to their availability for each activity also was tested using CA in Resource Selection in Windows (RSW-Leban 1999a , 1999b . CA ranks relative habitat preference at the population level (Aebischer et al. 1993) , decreasing the sensitivity of the analysis to the inclusion of rarely used habitats (Johnson 1980) , and reducing the risk of misclassification errors. However, CA is restricted to using only habitat types that are represented by some level of activity (i.e., totally avoided habitats are excluded). The analyses were performed using the default 0.001 value to replace zero values prior to the log ratio transformation (default in RSW). To check for increased risk of type I error when using small values, the analyses were repeated using 0.3 (as recommended by Bingham et al. [2007] ). However, negligible difference between the results (e.g., all activities combined: v 2 ¼ 75.50, P 0.0001, n ¼ 61 to v 2 ¼ 30.00, P 0.0001, n ¼ 16) led to the original results being presented here. Our approach falls under Design II, where ''use'' is sampled from individual animals and ''available'' from the population (Manly et al. 2002) , but individual spools were defined as the sampling unit, rather than individuals (excluding single activity types along spools, e.g., nest sites, burrows, and resting sites). We assumed bandicoots captured and sampled were representative of the population and behaved independent of one another (i.e., low territoriality between resident adults and subadults out of breeding season), and that the proportions of microhabitats were equally available to all individuals in the population over the sampling period.
Finally, disproportional use of individual species 3 height class variables were interrogated for each activity. To determine variables most strongly associated with various bandicoot activities, NPMR was applied using the program HyperNiche 1.12 (McCune and Mefford 2004) . Species response functions are often complicated by multiple, interacting factors that require some form of multidimensional curve fitting (Huston 2002; McCune 2004) . However, NPMR used a binary-response model with local mean optimization and a Gaussian kernel function. Model fitting was evaluated with cross-validated r 2 and 'delete all but best for N predictors' and 'tune selected model' options. Sensitivity analysis of the factors (how important they are to the responses seen in terms of data perturbation) and their importance were assessed with the Bayes factor log 10 B 1,2 and its associated chi-square probability (Kass and Raftery 1995) .
RESULTS
Bandicoot tracking success.-The 2,829 trap nights conducted within Cox Scrub Conservation Park during this study resulted in the capture of 28 individual I. o. obesulus (16 females and 12 males), with a trap success rate of 2.9%. Animals were captured and spooled on only 4 of the 12 trapping transects (sites 1-4, Fig. 1 ). Twenty individuals were successfully spooled a total of 34 times (13 females on 23 occasions and 7 males on 11 occasions). Efforts to utilize recaptures, and obtain minimum sample sizes for successful resource selection analysis (Leban 1999a (Leban , 1999b , were discontinued once individual bandicoots demonstrated traphappy behavior (i.e., returning to and investigating traps while being spool-and-line tracked).
A total of 2,564.1 m of spool line was followed, mapped, and sampled, with individual lines ranging from 10 to 203.5 m (75.4 6 64.6 m,X 6 SD), before being groomed off or the line broken by kangaroos moving through the study site. On average, 5.6 sites were sampled along each spool line with 11.4% of spools exhibiting a single activity type (i.e., foraging or nesting). The total number of sites sampled along spool lines represented 143 movement, 25 foraging, 10 resting, 9 nest, and 8 burrow sites. These sites were supplemented by an additional 6 nest and 20 foraging sites discovered while sampling vegetation across the study site, increasing the total number of sites to 221 sites representing habitat use, complemented by the 200 sites sampled randomly across the survey grids representing habitat availability.
Defining microhabitat groups.-Cluster analysis of the vegetation floristic and structural composition of the 421 sites (221 activity-based and 200 randomly sampled) produced a dendrogram with 6 main divisions (Fig. 2) . Indicator species analysis defined the variables and taxa significantly associated with each cluster as follows (Table 1) : the 1st group (Cy) was the largest with 110 quadrats and was associated with high cover scores for Cyperaceae (23% maximum indicator value [IV] ) and E. baxteri (16% IV). The 2nd group (Ha, 91 quadrats) was associated with heath species dominated by Brachyloma ericoides subsp. ericoides, Hibbertia glandulosa, Pultenaea trinervis, and Hakea carinata (16-19% IV) . The 3rd group (Ba) comprised 83 quadrats most strongly associated with the occurrence of B. ornata (68% IV) and Phyllota pleurandroides (26% IV) and to a lesser extent L. myrsinoides (13% IV). The 4th group (Xa), with 44 quadrats, was strongly defined by X. semiplana (62% IV) and substantially less so by 2 additional species (, 13% IV). The 5th group (Al) with 37 quadrats was significantly associated with A. m. muelleriana (74% IV). The 6th group (Eu) had 56 quadrats and was associated with 10 taxa dominated by 4 species: E. cosmophylla (21% IV), E. fasciculosa (18% IV), Melaleuca decussata (18% IV), and Callistemon rugulosus (15% IV). These microhabitat groups were supported by the ordination of the data into 2 dimensions, which gave a stress value of 23.4%, adopted over 3-dimensional solutions with similar values (Fig. 3) . Stress values , 20% are recommended (McCune and Mefford 2005); however, low stress values are unlikely in few-dimensional solutions given the large number of quadrats in the ordination. Considerable overlap occurred between clusters on the ordination, suggesting a gradient of change in the plant species composition and vertical structure from 1 microhabitat to another: from bottom left to top right, Xa, Eu, Al, Ba, Cy, and Ha.
Analysis of variance of the averaged species richness values for each of the microhabitat clusters indicated that the Cy and Ha clusters were significantly more diverse and Ba less diverse (F 5,415 ¼ 20.50, P , 0.0001; Fig. 4A ). Average cover of live vegetation did not differ significantly between the clusters (F 5,415 ¼ 0.95, P ¼ 0.45; Fig. 4B ), but there was significantly more standing dead matter (leaves and branches) in the Eu quadrats and less in the Al quadrats (F 5,415 ¼ 3.60, P ¼ 0.003; Fig. 4C ).
Two-way ANOVA of the vegetation height classes within each microhabitat group (Fig. 4D ) revealed significant effects for cluster (F 5,415 ¼ 12.65, P , 0.0001), height class (F 9,415 ¼ 209.80, P , 0.0001), and a significant interaction term (F 45,415 ¼ 9.69, P , 0.0001). Pairwise post hoc investigation of the interaction effects showed that for the , 10-cm class, average cover of live plants was significantly denser in the Xa microhabitat, but sparser for Ba. Between 10 and 40 cm average live plant cover was dense for Xa and Ha, but sparse for Al and Eu. Xa and Ba microhabitats continued to show dense average live plant cover in the 40-to 80-cm classes, with Ba becoming significantly denser at 60-80 cm. Ba and Al were the most dense habitats between 80 and 150 cm, and Al and Eu the most dense above 150 cm. In contrast, Cy was significantly more open in the 100-to 150-cm height classes. Analyzing for habitat preference.-The principal canonical correlation vectors of bandicoot activity against the vegetation composition and structure-derived quadrat coordinates indicated a gradient of microhabitat preference from movement through to nesting (axis 2) and foraging activity (axis 1; Fig. 3 ). Nesting was positively correlated with microhabitat Xa, with movement more or less positively associated with habitats Ba, Al, and to a lesser degree Cy (Fig.  3) . Foraging was correlated with habitats Al and Eu.
Chi-square analyses of data pooled across individuals determined that there was significant disproportional use of available microhabitat for total activity (v Significant disproportional use of microhabitats for each activity included Xa for foraging, nesting, resting, and overall, and Al for movement (P , 0.05). Additional trends illustrated preferential use of Xa for movement, Al for foraging, and Eu for burrow use and avoidance of Cy for movement and Ba for foraging.
Compositional analysis showed significant differences between microhabitat use for all activity types (where locations were pooled along individual spools and opportunistic sites treated as individual, independent locations; Table 2a ). These results showed that for total activity, Xa was significantly preferred over all other microhabitats, followed by Al and Eu, whereas Ba, Ha, and Cy were avoided. The pattern of top and bottom ranking microhabitats was repeated for each activity: in all cases Xa was in the most preferred category, and Ha and Cy the least preferred. The remaining microhabitats were intermediately ranked, but with Al and Eu generally preferred over Ba. FIG. 5 .-Preferential use of microhabitat groups A-E) for each activity and F) overall, determined by the chi-square test. These data represent 143 movement sites, 45 foraging sites, 15 nest sites, 10 resting sites, and 8 burrow sites. Significance is represented by * P 0.05, ** P 0.01, *** P 0.001.
Unlike the previous analyses that rely on broadscale pattern responses and correlations, NPMR identifies which of the 354 plant species 3 height class variables were associated most strongly with bandicoot activity. Definitive Bayes factor scores were associated with the models for most activities, and strong for burrowing (. 2 and 1 to 2, respectively [ Table 3 ; Kass and Raftery 1995] ). These values indicated significant association between bandicoots and variables across all activities (based on v 2 and P 0.005), where the strength of correlation is indicated by sensitivity scores (Table 3) . Bandicoot movement was highly correlated with low, sparse to moderately dense X. semiplana (Table 3 ; Fig. 6A ). Foraging was associated with low, sparse sedges and moderately dense P. trinervis (Table 3 ; Fig. 6B ). Most nests were under dense, low X. semiplana, or, in its absence, intermediate cover of B. ornata in the 60-to 80-cm height class (Table 3 ; Fig. 6C ). Resting was uncommon and thus illustrated a highly patchy interpolation pattern, but with a spike when there is dense, low leaf litter, combined with sparse B.
ornata at 60-80 cm (Fig. 6D ). Burrow use also was uncommon and illustrated a patchy interpolation pattern (Fig. 6E) , but was associated with low, moderately dense B. ericoides (Table 3) .
Comparison of methods.-All methods supported preferential use of microhabitats increasing in the number of trends detected from NPMR, principal canonical correlation, chi-square test, to CA (Table 4) . Of the 2 exploratory analyses of individual sites (principal canonical correlation and chisquare test), chi-square test detected more trends for disproportional use. These trends included preferential use of Xa for more activities and more frequent avoidance of Cy, Ha, and Ba. In comparison, CA of sites pooled along spool lines detected more consistent avoidance of Cy, but preference for Ba for nesting and a discrepancy around the direction of disproportional use of a microhabitat used in similar proportion to its availability (Eu).
Further analysis of individual species 3 height variables using NPMR supported a preference for variables that were TABLE 2.-Rank of microhabitats disproportionately used by Isoodon obesulus obesulus for a range of activity types identified using compositional analysis on sites pooled along spool lines or opportunistic sites (sampling unit). n ¼ number of spools, v 2 ¼ chi-square statistic, d.f. ¼ degrees of freedom, P ¼ P-value using student t-test, þ¼ preferred, À¼ avoided. The changes in valueswere negligible when 0.3 was used to replace zero values (as recommended by Bingham et al. [2007] ) rather than 0.001 (default). Microhabitat codes are given in Table 1 indicators of Xa and avoidance of Cy. However, fewer plantanimal associations were detected and there were several cases of disagreement, predominantly around variables with weak sensitivity scores. For example, low, moderately dense P. trinervis (Putr-3) was preferred for movement, yet this variable also was an indicator for Ha, which was classified as avoided using chi-square test and CA. These discrepancies may indicate the challenge of relating single variables to microhabitat groups defined on floristic and structural composition.
DISCUSSION
In open forest and sclerophyllous heathland, I. o. obesulus demonstrated preferential use of fine-scale microhabitats. The degree of preference detected depended on the method used, increasing from NPMR, principal canonical correlation, chisquare test, to CA.
The known association of I. o. obesulus with dense and vertically diverse understory vegetation (Heinsohn 1966; Stoddart and Braithwaite 1979; Moloney 1982; Lobert 1985; Moro 1991; Paull 1992; Claridge and Barry 2000) and Xanthorrhoea spp. (e.g., Paull 1992) were generally supported by available microhabitats having reasonably dense understory (Fig. 4D ) and strong association with X. semiplana-dominated microhabitat (Xa) across all activities and analytical methods (Table 4) . These factors are likely to account for detection of these plant-animal interactions in investigations sampling vegetation at coarser scales (e.g., 10-m radius- Keiper and Johnson 2004 ).
Yet, coarse-scale investigations can be limited in detecting suspected plant-animal interactions (Copley et al. 1990) , and require fine-scale sampling to detect the patchy distribution of available, accessible, and important resources associated with different activities (e.g., foraging areas , 4 m 2 -Hughes and Banks 2010). In this investigation, fine-scale sampling (1 m 2 ) was performed at sites used for a range of activities. As a result, additional fine-scale associations between I. o. obesulus and microhabitats were found, indicating a preference for moving and foraging in A. muelleriana subsp. muelleriana microhabitat (Al); preference for nesting in B. ornata-dominated microhabitat (Ba); impartial use and increased reliance on burrows for shelter in E. cosmophylla open forest, with M. decussata understory microhabitats (Eu); and avoidance of Cyperaceae-dominated microhabitat (Cy) and mixed heath (Ha ; Table 4 ). These results provide evidence that I. o. obesulus differentially selects suitable habitat for shelter and foraging at fine scales.
The factors driving habitat selection may vary with activity. Because I. o. obesulus is capable of constructing nests away from Xanthorrhoea spp. (e.g., Ba), the strong selection for Xa may indicate increased selection for optimal shelter from predators and environmental variability, or potentially increased availability of food resources (Chambers and Dickman 2002; Whittington-Jones et al. 2008) . The importance of shelter sites in close proximity to available food may explain the use of burrows in a suboptimal habitat (Eu). In the case of foraging, Al may provide richer, more abundant, and easily Table 1. accessible food resources (e.g., 0-to 10-cm height interval; analysis at the variable level using NPMR). It is more difficult to explain the avoidance of well-defined (Fig. 2 ) and speciesrich ( Fig. 4A ) microhabitats (Cy and Ha). Perhaps the slightly more open cover is biologically significant, if not statistically significant, or there are additional dynamics between these microhabitats and food availability effecting food and shelter (e.g., waterlogging, dense ground cover, or lack of cover in the midstory). Overall, these results highlight how a mosaic of microhabitats influences bandicoot activity within vegetation communities broadly considered suitable habitat, and determined that these broad vegetation communities may represent suboptimal habitats at the fine-scale (i.e., woodland and mixed heath represented at the microhabitat level as Eu and Ha were associated with more frequent use of burrows or avoided). Therefore, the availability of microhabitats not represented in broadly mapped vegetation communities may be vital for the occurrence and persistence of I. o. obesulus.
Fine-scale habitat selection by small mammals can reflect habitat partitioning and the development of specialist habitat requirements (Braithwaite and Gullan 1978; Dueser and Porter 1986; Vernes 2003) . Therefore, fine-scale habitat associations highlight several important points. First, the need to include knowledge of key nest, shelter, and foraging sites in any evaluation of higher-quality habitat capable of sustaining populations in reintroduction programs. For example, burrows appeared to provide important shelter in suboptimal habitats (Eu), as indicated by these habitats not being preferred for nesting or resting in and burrows being encountered earlier along the spool line than nests (i.e., 48.4 6 37.4 m compared with 89.0 6 53.1 m). Second, key (indicator) species defining preferred habitat groups can provide insight into improved rehabilitation of open forest and sclerophyllous heathland, in particular X. semiplana, B. ornata, P. obtusangulum, A. m. muelleriana, and associated species. The importance of associated species is highlighted by the analysis of all floristic and structural components (e.g., CA) outperforming singlevariable analysis (NPMR).
Overall, each of the 4 methods applied contributed useful interrogation of the potential resources required by I. o. obesulus: principal canonical correlation and chi-square test as exploratory analyses of microhabitats, CA to verify relationships detected using chi-square test in the context of resources required across the population, and NPMR for analyzing species 3 height interval variable relationships independent of microhabitat composition and structure. However, in this investigation, CA of microhabitat use across activities detected most plant-animal interactions and directly accounted for habitats not used for any activity. Similar results were obtained in the chisquare test, except around the use of a microhabitat for which I. o. obesulus demonstrated relatively impartial use: E. fasciculosa and E. cosmophylla open forest, with M. decussata understory microhabitats (Eu). This similarity may indicate bandicoot activity was not biased between spools (pooling sites along spool line aids in accounting for autocorrelation and pseudoreplication- Pita et al. 2011) . Whether individuals are representative of the population ultimately requires a greater number of spool lines sampled per animal, enabling data to be pooled at the individual level. However, biological constraints may restrict such an investigation (see ''Real constraints on activity-based investigations'').
This investigation highlights a fine-scale interaction between I. o. obesulus and microhabitats across a range of activities associated with shelter and foraging. It would be interesting to investigate how broadly these preferences extend across different macrohabitats across the range of I. o. obesulus. In the meantime, the occurrence of fine-scale plant-animal associations have important implications for understanding the ecology of other small mammals. Field surveys of preferential habitat should ensure that all activities associated with shelter and foraging are represented. In addition, better targeting the scale at which elements within the environment influence species survival and reproduction will improve our ability to rationalize findings obtained from local investigations using different methods across the range of a species (Keiper and Johnson 2004) , to understand the mechanisms through which broader events such as rainfall or disturbance influence species (Keiper and Johnson 2004) , and to improve confidence in methods based on habitat suitability models (e.g., in use of population viability analyses- Southwell et al. 2008) .
Real constraints on activity-based investigations.-Spooland-line tracking has the advantage of excellent spatial Alldredge and Ratti 1986; Aebischer et al. 1993) , regardless of whether samples are pooled across spools of an individual. A small sample size can reduce power in the subsequent data analysis and increase the risk of type I error (Thomas and Taylor 2006) . Here we tested for increased error risk in the CA by increasing the value used to replace zero values from 0.001% to a more robust 0.3% (as recommended by Bingham et al. [2007] ), and found negligible differences in the results. In some cases sampling can be increased by modifying the sampling design (e.g., sampling movement sites less than 20 m apart). However, ecological restrictions may prevent the minimum number of samples required for statistical analysis from being obtained (e.g., more than 5 nest sites per stratified unit in a home range); highlight the potential for this problem to challenge other investigations stratified across habitats, activities, age, sex, or temporal period (as recommended by Schooley [1994] ); and potentially limit ecological investigations to species that conduct certain activities frequently over wide spatial areas (e.g., foraging activity-Smith and Racey 2005).
